Abstract Aims To explore the associations among symptoms, supportive care needs, and function.
Background
Interest in using patient-reported measures (PRMs) in clinical practice for individual patient management is increasing [1] [2] [3] [4] [5] [6] . Acquadro et al. list commonly measured patient-reported outcomes, including functional status, health-related quality-of-life (HRQOL), and symptoms [7] . However, they do not discuss in detail how these various outcomes differ, and there is likely some overlap amongst them. Supportive care needs are a different kind of PRM that assess whether specific needs exist and how well they are being met [8] . To date, there has been little empiric work to explore the associations among different types of PRMs [8, 9] . This study was undertaken as the first step in investigating the relationship among three different PRMs: symptoms, function, and supportive care needs (referred to hereafter as ''needs'').
Understanding the relationship among different PRMs could facilitate their application in clinical practice by helping to (1) select appropriate measures, (2) interpret the results, and (3) address identified problems. For example, consider a patient who reports poor physical function, high levels of nausea and vomiting, and the need for more information on managing symptoms and side effects. How should the clinician respond? Is prescribing a medication for the nausea and vomiting sufficient, or is educating the patient about nausea and vomiting management also important? Improving our understanding of the relationships among symptoms, needs, and function may shed light on questions like these.
To our knowledge, no conceptual model explicitly includes symptoms, needs, and function. While some models of HRQOL include symptoms and function, the role of needs is less clear. Both the Wilson and Cleary and the Patrick and Chiang models of HRQOL position symptoms adjacent to functional status [9] , and researchers have explored the relationship between symptoms and HRQOL [10, 11] . Gustafson [8] does not specifically address the relationship between symptoms, needs, and function but discusses how needs, satisfaction, and HRQOL might be distinguished. He suggests that HRQOL is a measure of how well the patient is doing and that needs assessments provide ''raw material'' for HRQOL and satisfaction measures.
In this study, we conducted exploratory analyses of the associations among symptoms, needs, and function using data from a cross-sectional sample of cancer patients who completed a cancer HRQOL measure (that included both symptom and function measures) and a needs assessment. Because this analysis used cross-sectional data, we were unable to explore the longitudinal relationships among these PRMs and how they might change over time. Thus, it was unclear whether function is an outcome of symptoms and needs or whether need is the outcome of symptoms and function (we did not think it was conceptually defensible to have symptoms as the outcome of function and needs). We therefore undertook two separate sets of analyses: (1) function as described by symptoms and needs and (2) need as described by symptoms and function ( Fig. 1) .
Methods

Study population and procedures
This was a descriptive, cross-sectional study exploring symptoms, needs, and function among a convenience sample of breast, prostate, and lung cancer patients. Between January and May 2006, the patients of seven oncologists at a comprehensive cancer center were recruited for the study using flyers distributed by clinic personnel. Interested patients were referred to a research coordinator stationed in the clinic.
Patients were eligible for this study if they were diagnosed with breast, lung, or prostate cancer, 18 years or older, currently undergoing treatment, able to complete the questionnaire, and able and willing to provide oral informed consent. Target enrollment was 35-50 patients per cancer type, for a total sample size of 105-150 patients. This sample size was estimated to be adequate for an initial exploratory analysis based on consultations with a statistician. This study was approved by the Johns Hopkins School of Medicine Institutional Review Board (NA_00001797).
Subjects completed the study questionnaire on paper during their clinic visit. Oncologists provided Eastern Cooperative Oncology Group (ECOG) performance status, cancer type, extent of disease, and current and previous treatments for enrolled patients. There were no other interventions.
Questionnaire
Patients completed the EORTC-QLQ-C30 and the Supportive Care Needs Survey-Short Form (SCNS). These instruments were selected because they were rated as having the most relevant content for clinical practice applications in a previous study [12] .
European Organization for Research and Treatment of Cancer Quality-of-Life-Questionnaire-Core 30
The European Organization for Research and Treatment of Cancer Quality-of-Life-Questionnaire-Core 30 (EORTC-QLQ-C30) is a 30-item cancer HRQOL measure that assesses five functions (physical, role, emotional, social, cognitive), eight symptoms (fatigue, pain, nausea and vomiting, dyspnea, insomnia, appetite loss, constipation, diarrhea), plus financial impact and a global health/quality of life rating [13] (see Table 1 example questions). Patients respond on a four-point scale (1 = not at all, 2 = a little, 3 = quite a bit, 4 = very much). Domains are transformed to a 0-100 score, with higher scores on the function domains representing better function and higher scores on the symptom domains representing greater symptom burden.
Supportive Care Needs Survey
The 34-item SCNS identifies the level of unmet need patients have as a result of their cancer in five domains: physical and daily living, psychological, patient care and support, health system and information, and sexual [14, 15] (see Table 1 example questions). Patients respond on a five-point scale (1 = not applicable, 2 = satisfied, 3 = low need, 4 = moderate need, 5 = high need). To compute the domain scores, we calculated the average score of the items in the domain. Higher scores indicate greater level of unmet need.
Finally, patients reported their age, gender, race, and education.
Statistical methods
Patient characteristics
We performed descriptive analyses of the patients' clinical and demographic characteristics.
Factor analysis
We calculated the correlations among the EORTC and SCNS domains and performed four exploratory factor analyses (EFAs): (1) including only the eight EORTC symptoms, (2) including only the five EORTC functions, (3) including only the five SCNS needs, and (4) including all symptoms, functions, and needs together. The first three factor analyses examined the unidimensionality of the symptom, need, and function domains, and the fourth factor analysis examined the groupings of symptoms, needs, and functions when included together to explore the strength of the cohesion of scales within hypothesized factors. We used varimax rotation for the first three EFAs because we hypothesized that each would be strongly unidimensional, but we used promax rotation for the fourth since we hypothesized that there would be correlation between factors.
We also performed confirmatory factor analysis (CFA) assuming the three correlated factors (symptoms, needs, and function). First, we allowed the factors to be correlated with one another but forced independence of the error (i.e., uniqueness) terms. To identify the model, we set the distribution of the factors to be normal, with mean 0 and variance 1 (instead of forcing a loading to be 1 for each factor). Second, we fit a more flexible model allowing for correlation between error terms within factors (i.e., abandoning the conditional independence assumption). 
Multivariate item regression
Multivariate item regression (MIR) involves simultaneous regression across multiple outcomes per person, allowing for correlations among outcomes [16] . It is particularly appropriate when multiple related outcomes are of interest and are known to be moderately to highly correlated. We conducted two sets of MIRs: (1) function as the outcome, described by symptoms and needs, and (2) need as the outcome, described by symptoms and functions. While this analysis is termed ''multivariate item regression,'' here both the multivariate outcomes and the explanatory variables are domain scores rather than individual items. Multivariate item regression requires testing whether each covariate in the model has the same association with each outcome. For example, when the five functions are the outcomes and the symptoms are the predictors, does fatigue have the same association with both physical and emotional function? Interaction terms are included in the model to test for differential associations, and significant interactions are retained. Interactions of similar magnitude can be combined for a more parsimonious model while retaining approximately the same model fit.
An alternative to MIR is a latent variable approach where we assume there is an underlying unobservable variable which is responsible for the correlation structure among outcomes of interest. A latent variable approach has stringent statistical and theoretical assumptions. One assumption is conditional independence (e.g., conditional on the latent variable; function items are independent). Based on prior knowledge of items, exploration of the data, and our factor analyses, this seems unlikely to be a reasonable assumption here. Another assumption is nondifferential measurement (also known as measurement invariance), which asserts that the measurement model is the same across subgroups of the data. The non-differential measurement assumption would imply that, for example, the factor structure for needs is the same for high functioning patients and low functioning patients, which does not appear consistent with our data. Given that the relationship among symptoms, needs, and function is the primary goal of this study and that the nondifferential measurement assumption is unrealistic in this case, MIR is a more appropriate approach. Multivariate item regression is more flexible by allowing interactions and adjustment for covariates, such as performance status. Table 2 summarizes the MIR models used to investigate the relationship among symptoms, needs, and function. We labeled the models Function 1-6 when Function is the outcome described by symptoms and needs and Need 1-6 when Need is the outcome described by symptoms and function.
Function as the outcome First, the multiple outcomes that were regressed simultaneously were the five EORTC functions. The outcomes were standardized by dividing the scores for each outcome by the observed sample standard deviation. A linear mixed effects model accounted for the correlation among the five function scores within patients.
Identifying relevant patient characteristics (Function 1) First, we included age, race, ethnicity, education, performance status, type of cancer, and extent of disease as covariates with the multivariate function domains as outcomes. We removed the variables one at a time starting with the highest P value until only statistically significant (i.e., P \ 0.05) variables remained. We then tested for differences in associations between each covariate and the different outcomes using interaction terms and retained interactions that were statistically significant.
Developing the base symptom model (Function 2) After identifying the appropriate patient characteristic model (Function 1), we added the eight symptoms to the model simultaneously. We tested to see if symptoms were differentially related to the multivariate function outcome using interaction terms. Interactions were retained if they were statistically significant, and interaction terms with similar coefficients were combined to create a more parsimonious model. This Base Symptom Model (Function 2) represents the relationship between symptoms and function, without including needs.
Developing the base need model (Function 3) We then added the five needs simultaneously to the relevant patient characteristics model (Function 1). Again, we included interaction terms to test for differential associations with the function outcomes, retained statistically significant interactions, and combined those with similar magnitude. The Base Need Model (Function 3) represents the relationship between needs and function, without including symptoms.
Adding symptoms to base need model (Function 4a-4h)
We then added each symptom and its interactions to the Base Need Model (Function 3). A separate model was fit for each symptom. These models identified which symptoms added significant information to describing function beyond needs.
Adding needs to base symptom model (Function 5a-e)
We then added each need and its interactions to the Base Symptom Model (Function 2). A separate model was fit for each need. These models identified which needs added significant information to describing function beyond symptoms.
Including all significant symptoms and needs together (Function 6) Finally, we included all of the symptoms that were significant in Function 4a-h and all the needs that were significant in Function 5a-e in one final model. Main effects were retained regardless of significance if an interaction including that main effect was retained. This model identified which symptoms and needs were most strongly related to the function outcomes when included together.
Need as the outcome We repeated the above six steps with the five need domains as the multivariate outcome as described by symptoms and function (Need 1-6) ( Table 2) .
Results
Patients
There were 129 patients referred to the research coordinator, and 117 (91%) of these enrolled. Reasons for not enrolling were: not currently undergoing treatment (n = 2), too ill (n = 2), or not interested (n = 8). Our patient sample had a mean age of 61.2 years and included 50 breast, 18 lung, and 49 prostate cancer patients, of whom 49% were female, 77% were White, and 95% had a performance status rating of 0 or 1 (Table 3) .
Factor analysis
The domain score correlations demonstrated the expected patterns with, for example, physical domains being more highly correlated with one another and emotional domains being more highly correlated with one another than with domains of other types (data not shown). The three EFAs that examined symptom, function, and need domains separately confirmed that each is strongly unidimensional within item sets. The first two eigenvalues were 3.2 and 0.4 for symptoms, 2.7 and 0.4 for needs, and 2.7 and 0.4 for function. When symptom, function, and need domains 
In general, we found strong evidence that within the CFA model, allowing for correlation of factors, residual correlation still exists between error terms. This result supports our hypothesis that the factor structure imposed by a latent variable modeling approach is not rich enough to describe the associations between variables in our analysis.
Multivariate item regression models
Function as the outcome-summary of findings
The key finding from our models with function as the outcome, described by symptoms and needs, is that both symptoms and needs contributed significant information in describing function, but symptoms added more information to needs than needs added to symptoms. Specifically, seven of eight symptoms were statistically significant when added to the Base Need Model (Function 4a-h), but only two of five needs were significant when added to the Base Symptom Model (Function 5a-e). Fatigue, pain, and appetite loss were the symptoms most consistently associated with function. Physical and daily living needs were consistently associated with physical, role, and cognitive function; psychological needs were consistently associated with emotional and cognitive function. Figure 2 summarizes the results from all models examining the relationship between symptoms and needs with the multivariate function outcome. Some symptoms (e.g., appetite loss) and needs (e.g., physical and daily living) had different associations with the various function outcomes, which required estimating separate coefficients and standard errors. The key feature to look for in the figure is which symptoms and needs had consistently Other therapy 0.9 statistically significant relationships with the multivariate function outcome (i.e., error bars that do not cross 0). For example, greater fatigue is associated with worse function in all models, and greater unmet psychological need is associated with worse emotional and cognitive function in all models.
Function as the outcome-details of models
In models with function as the outcome, cancer type, extent of disease, and performance status interacted with function were statistically significant covariates (Function 1). In the final Base Symptom Model (Function 2), worse fatigue, pain, and diarrhea were associated with worse function, and worse appetite loss was associated with worse function (except physical function). In the Base Need Model (Function 3), greater unmet physical and daily living needs were associated with worse physical, role, and cognitive function and also with worse emotional and social function, but less so. Greater unmet psychological needs were associated with worse emotional and cognitive function only. Greater unmet patient care and support needs were associated with better physical function, and greater unmet health system and information needs were associated with worse function for all function domains. When each symptom was added to the Base Need Model, all symptoms (except constipation) were associated with worse function (Function 4a-h). When each need was added to the Base Symptom Model, greater unmet physical and daily living needs were associated with worse physical, role, and cognitive function. Additionally, greater unmet psychological needs were associated with worse emotional and cognitive function (Function 5a-e). When all significant symptoms from Function 4a-h were added to all significant needs from Function 5a-e, we found that worse fatigue, pain, and appetite loss were all significantly associated with worse function. Greater unmet physical and daily living needs were associated with worse physical, role, and cognitive function, and greater unmet psychological needs were associated with worse emotional and cognitive function (Function 6). In summary, greater levels of fatigue, pain, and appetite loss were associated with statistically significantly worse function in all of the models (Function 2, Function 4a-h, and Function 6). Greater unmet physical and daily living needs were associated with worse physical, role, and cognitive function, and greater unmet psychological needs were associated with worse emotional and cognitive function (Function 3, Function 5a-e, and Function 6). Technical Appendix A presents the coefficients, standard errors, and P values of Functions 1-6.
Need as the outcome-summary of findings
The key finding from our models with need as the outcome, described by symptoms and function, is that both symptoms and function contributed significant information, but function added more information to symptoms than symptoms added to function. Only one of eight symptoms was significant when added to the Base Function Model (Need 4a-h), but three of five functions were significant when added to the Base Symptom Model (Need 5a-e). Sleep was the symptom most consistently associated with need. Physical function was consistently associated with physical and daily living needs, and emotional function with psychological, patient care and support, and health system and information needs. Adjustment for symptoms did not tend to affect the association between need and function.
Need as the outcome-details of models Figure 3 summarizes the results from all models examining the relationship between symptoms and functions with the multivariate need outcome. Again, some symptoms (e.g., appetite loss) and functions (e.g., physical) had different associations with the various need outcomes, which required estimating separate coefficients and standard errors. And, again, the key feature to look for in the figure is which symptoms and functions had consistently statistically significant relationships with the multivariate need outcome (i.e., error bars that do not cross 0). For example, greater sleep problems are associated with greater unmet needs in all models, and better physical function is associated with fewer physical and daily living needs in all models.
In models with need as the outcome, performance status interacted with the multivariate need outcome was the only statistically significant covariate (Need 1). In the final Base Symptom Model (Need 2), worse fatigue was associated with greater unmet physical and daily living and health system and information needs; worse pain was associated with greater unmet physical and daily living and psychological needs; greater appetite loss was associated with greater unmet needs in all areas, but with a larger effect size on psychological and patient care and support than the other needs. Sleep was associated with greater unmet needs across all needs. In the final Base Function Model (Need 3), better physical function was associated fewer unmet physical and daily living needs, and better emotional function was associated with fewer unmet psychological, patient care and support, and health system and information needs. When each symptom was added to the Base Function Model, only worse sleep was significantly associated with greater unmet needs (Need 4a-h). When each function was added to the Base Symptom Model, we found essentially the same patterns of associations as in the Base Function Model, suggesting that adjustment for symptoms does not affect the association between function and need (Need 5a-e). Our final model, which included all relevant symptoms and functions to assess their associations with need after adjustment, showed several significant results (Need 6). Better physical function was associated with fewer unmet physical and daily living needs; better emotional function was associated with fewer unmet psychological, patient care and support, and health system and information needs; better social function was associated with fewer unmet needs in all areas. Worse sleep problems was the only statistically significant symptom and was associated with greater unmet needs.
In summary, greater sleep problems were associated with greater unmet needs in all models (Need 2, Need 4a-h, and Need 6). Better physical function was associated with fewer unmet physical and daily living needs, and better emotional function was associated with fewer unmet psychological, patient care and support, and health system and information needs (Need 3, Need 5a-e, and Need 6). Technical Appendix B presents the coefficients, standard errors, and P values of Needs 1-6. Before discussing the study's implications, it is important to consider its limitations. First, this study was conducted in a single center, with a relatively small sample size, and it included patients with only three types of cancer. Also, because this study used cross-sectional data, it was unclear whether need or function should be the outcome; consequently, we performed two sets of analyses, one with function as the outcome and the second with need as the outcome. Further, the measures used for symptoms, needs, and function are not comprehensive and do not match each other perfectly. The EORTC-QLQ-C30 does not include all relevant symptoms, and while the needs assessment measures the requirement for help with certain symptoms specifically (e.g., pain), for most symptoms, need for help is measured indirectly (e.g., being given information… about managing your illness and side effects). Ideally, the EORTC would include all relevant symptoms, and the SCNS would ask whether patients need help with each symptom specifically to allow for clear interpretation of whether and how to act on problems that are identified.
While the study's limitations preclude making definitive conclusions on the relationships among symptoms, needs, and function, the results from these analyses help to generate hypotheses for future studies. Our hypothesis based on these initial analyses is that symptoms affect function which, in turn, affects needs. We found that symptoms tended to add more to needs than needs added to symptoms in describing function. Thus, from a clinical perspective, if the goal is to improve function, addressing symptoms may be more important than addressing needs. The symptoms that were most consistently associated with function were fatigue, pain, and appetite loss.
In contrast, we found that function tended to add more to symptoms than symptoms added to function in describing need. For patients with significant unmet needs, attention to functional deficits may be warranted (although as noted above, addressing symptoms may be needed to address function). Physical function was consistently associated with physical and daily living needs, and emotional function was consistently associated with psychological, patient care and support, and health system and information needs.
The hypothesis that symptoms affect function which, in turn, affects needs requires additional testing in larger, more diverse samples through longitudinal studies. Longitudinal studies are needed both to assess how the relationship among symptoms, needs, and function may change over time and to evaluate the causal assumptions. If this hypothesis is confirmed, the resulting knowledge could help clinicians decide which PRM to use in practice (depending on whether their focus is the symptom-function or function-need relationship) and to address problems that are identified through the PRM. Beyond that, it will further the field of PRMs by contributing to our understanding of how different PRMs relate to one another. Results 
